Pseudomonas moraviensis is a predominant member of soil environments. We here report on the genomic analysis of Pseudomonas moraviensis strain Devor that was isolated from a gate at Oklahoma State University, Stillwater, OK, USA. The partial genome of Pseudomonas moraviensis strain Devor consists of 6016489 bp of DNA with 5290 protein-coding genes and 66 RNA genes. This is the first detailed analysis of a P. moraviensis genome. Genomic analysis revealed metabolic versatility with genes involved in the metabolism and transport of fructose, xylose, mannose and all amino acids with the exception of tryptophan and valine, implying that the organism is a versatile heterotroph. The genome of P. moraviensis strain Devor was rich in transporters and, based on COG analysis, did not cluster closely with P. moraviensis R28-S genome, the only previous report of a P. moraviensis genome with a native mercury resistance plasmid.
Introduction
The strain Devor was isolated from an outdoor gate located on Oklahoma State University (OSU) campus in Stillwater, OK. The isolation process was part of the Student Initiated Microbial Discovery (SIMD) project at OSU (introduced in [1] ). The organism was isolated by an undergraduate student (RCD) during an introductory microbiology lab course, and analyzed by a team of undergraduate (MB and PB) and graduate students (NTM and DF). The genus Pseudomonas is known to be phylogenetically and physiologically diverse. Members are ubiquitously found in soil and water systems, with the potential to utilize a broad range of organic compounds [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Resistance for heavy metal has also been shown for some strains [13] . Genomic analysis of members belonging to the genus Pseudomonas can contribute to our understanding of the molecular mechanisms of the biodegradation of organic compounds, including environmental pollutants, and could potentially contribute to bioremediation efforts in multiple environments. Here we report on the draft genomic sequence, and the first detailed analysis of a Pseudomonas moraviensis strain.
Materials and methods

Genome project history
Pseudomonas moraviensis strain Devor was isolated with the aim of sequencing its genome as part of an undergraduate project at OSU. The project is funded by the Howard Hughes Medical Institute and aims at improving undergraduate student involvement in authentic research. Isolation of the strain, and analysis of the sequenced genome were performed by undergraduate students in an introductory microbiology course, and an upper division microbial genomics class, respectively. The quality draft assembly and annotation were completed in 2015-2016. Table 1 shows the genome project information.
Growth conditions and genomic DNA preparation
Pseudomonas moraviensis strain Devor was grown overnight at 30°C on tryptic soy agar plates, and genomic DNA was isolated using the MPBio PowerSoil® DNA extraction kit according to manufacturer's instructions. Negative stain TEM micrographs were obtained using the services of the Oklahoma State University Microscopy Lab. Briefly, the sample was placed on a carbon film TEM grid and allowed to incubate for 2 min, after which the excess liquid was wicked off. Phosphotungstic acid (PTA; 2% w/v) was then added to the grid followed by a 45-s incubation. Excess PTA was wicked off and the grid was allowed to dry before it was visualized using JOEL JEM-2100 transmission electron microscope.
Genome sequencing and assembly
The genome of Pseudomonas moraviensis strain Devor was sequenced at the University of Georgia Genomics Facility using the Illumina MiSeq platform 2 × 300 paired end chemistry. Average library insert size was 700 bp. The short read de Brujin graph assembly program Velvet [14] was used to assemble quality filtered sequence data using a kmer value of 101 bp and a minimum contig coverage value of 7 ×. The genome project is deposited in GOLD (Genomes On-Line Database) and this Whole Genome Shotgun (WGS) project has been deposited in GenBank under the accession MAYQ00000000. The version described in this paper is version MAYQ01000000.
Genome annotation
Gene models were created using the prokaryotic gene calling software package Prodigal [15] . A total of 5473 gene models were predicted with an average gene size of 1002 bp. Predicted protein sequences were annotated using a combination of NCBI Blast C ++ homology search, and HMMER 3.0 [16] hmmscan against the PFAM [17] 26.0 database. Additional functional annotations were carried out through the Integrated Microbial Genomes Expert Review (IMG-ER) platform.
Comparative genomics
We compared the genome of Pseudomonas moraviensis strain Devor to 13 closely related genomes (IMG genome IDs: 2619619019,  2654587541, 2603880217, 2561511156, 2639762619, 2636416187,  2639762638, 2639762633, 2597489942, 2639762506, 2517572232 , 2639762618, 2556921015) using the "Genome clustering" function on the IMG-ER analysis platform based on the COG profile. We also used principal component analysis to compare the genomes based on several genomic features including the genome size, the number of genes, the number of transporters identified, the GC content, the number of non-coding bases, the number of genes belonging to COG categories, as well as the number of genes belonging to each COG category. The PCA analysis was conducted using the "princomp" function in the labdsv library of R [18] . The results were visualized using a biplot, where genomes were represented by stars and genomic features or COG categories used for comparison were represented by arrows.
Results and discussion
Classification and features
Cells of P. moraviensis strain Devor are Gram negative, motile, aerobic rods that are arranged as singles (Fig. 1) Fig. 2 ).
Comparison to other Pseudomonas moraviensis sequenced genomes revealed that strain Devor shares 99% 16S rRNA sequence similarity to strain R28-S (Genbank accession number AYMZ00000000) [5] .
Genome properties
The genome assembly process produced a contig N50 of 3,923,117 bp and a total genome size of 6,016,489 bp. The GC content was 60.0%. One hundred and eighty three RNA genes were identified including 3 ribosomal RNA and 63 tRNA genes. The ribosomal RNA operon showed an atypical organization, where 2 copies of 5S rRNA were present along with one copy of the 23S rRNA gene. Two copies each of the tRNA Ala and the tRNA Ile were present in the operon. The operon lacked a 16S rRNA gene. Of the 5473 genes detected, 5290 were protein-coding, of which 79.8% had a function prediction, 72.7% represented a COG functional category, and 11.3% were predicted to have a signal peptide. Using Psort [19] , proteins were classified as 44.12% cytoplasmic, 1.06% extracellular, and 25.25% associated with the membrane. Based on the presence of 139 single copy genes [20] , the genome is predicted to be 83.45% complete. Genome statistics are shown in Table 3 . The distribution of genes into COG functional categories is shown in Table 4 .
Insights from the genome sequence
Genome analysis of Pseudomonas moraviensis strain Devor identified a Gram negative microorganism with typical cell wall structure, a peptidoglycan layer lacking pentaglycine bridges with diaminopimelic acid as the second amino acid in the peptide linkage. Genes encoding enzymes for the biosynthesis of the glycerophospholipids phosphatidylcholine, phosphatidyl-glycerophosphate, phosphatidyl-serine, and phosphatidyl ethanolamine were identified in the genome. The analysis also revealed the presence of genes encoding a complete flagellar assembly in line with the evidence for the presence of flagella in electron micrographs of the organism (Fig. 1) . Extracellular structures including type IV pili and the Flp system, and some structural genes for the production of exopolysaccharides including a partial Yjb operon [21] , as well as evidence for the biosynthesis of multiple nucleotide sugars were also found in the genome. Further analysis suggested the capability to utilize xylose, fructose, mannose, glucose, all amino acids except valine and tryptophan, and fatty acids as carbon and energy sources. Almost complete to complete catabolic KEGG pathways were identified in the genome for each of the above carbon sources. A complete TCA cycle and electron transport chain with F-type ATPase subunits confirmed the aerobic nature of the microorganism. Facultative fermentation capability was also identified in the genome where genes for lactate and acetate fermentation were present. Comparison of the protein-coding genes against the transporter database [22] identified ABC and secondary transporters for several amino acids.
When compared against the virulence factor database [23] , the genome of Pseudomonas moraviensis strain showed 1733 virulence factor hits (32.8% of the protein-coding genes). These included secretion systems (type I, type II, and type IV secretion systems) among others.
The Devor genome also encoded several proteins that suggest the potential for using this strain in bioremediation efforts. These included genes encoding for 4-hydroxybenzoate degradation to succinate, as well as genes encoding for the detoxification of the plant-secreted toxin nitronate and the industry-applied chelating agent nitriloacetate [24] [25] [26] [27] . Evidence for the capability of salvaging S from organo-S-compounds (e.g. taurine and alkanesulfonates) in cases of limiting inorganic S were also identified in the genome.
Insights from comparative genomics
We used the COG profile to compare the genome of Pseudomonas moraviensis strain Devor to 13 closely related genomes. The genome clustered with Pseudomonas moraviensis strain BS3668 (Fig. 3A) , which was in agreement with the phylogenetic position of the isolate as Pseudomonas moraviensis (Fig. 2) . We used genomic features including the genome size, the number of genes, the number of transporters identified, the GC content, the number of non-coding bases, the number of genes belonging to COG categories, as well as the number of genes belonging to each COG category to cluster Pseudomonas moraviensis strain Devor's genome in comparison to the 13 other closely related genomes. Results are shown in Fig. 3B . The genome Pseudomonas moraviensis strain Devor clustered close to the two P. moraviensis genomes, and the P. koorensis genome as well. This is consistent with its phylogeny as a P. moraviensis and as a member of the P. koorensis clade [9] . These genomes appear to be enriched in the number of transporters identified in the genome. Fig. 2 . A maximum likelihood phylogenetic tree constructed using multiple sequence alignments of 16S rRNA genes. "Pseudomonas moraviensis strain Devor" sequence is shown with in bold. Reference sequences are also shown and Genbank accession numbers are given in parentheses. The tree was obtained under "K2 + G" model with a variable site γ shape parameter of 0.05. "Pseudomonas aeruginosa 57 16S ribosomal RNA gene partial sequence" was used as the outgroup. Bootstrap values, in percent, are based on 100 replicates and are shown for branches with N50% bootstrap support. Multiple sequence alignment, model selection, and maximum likelihood analysis were carried out in Mega [30] . The total is based on the total number of protein coding genes in the genome. The first two components explained 75% of variation. Color coding: P. jessenei, brown; P. baetica, orange; P. umsongenesis, purple; P. morviensis, red; P. reineke, grey; P. fluorescens, green; P. koorensis, black; P. moorei, blue.
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Conclusions
This study presents the genome sequence and annotation of Pseudomonas moraviensis strain Devor. The genome revealed metabolic versatility with suggested capability to degrade fatty acids, most amino acids, fructose, mannose, and xylose. Comparison to the virulence factor database identified 1733 genes in the genome with potential virulenceassociated function including type I, type II, and type IV secretion systems. The genome also suggests the potential use in bioremediation efforts with evidence for degradation of 4-hydroxybenzoate, nitronate, and nitriloacetate. Comparative genomics using general genomic features and the COG function profile are in line with the phylogenetic position predicted based on the 16S rRNA gene sequence placing strain Devor with other P. moraviensis representatives.
